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Abstract—The simulation of dam-break flows are an important 
component of dam safety programs and used to establish the 
dam’s hazard classification and develop emergency response 
plans. Within North America, 1D models such as DAMBRK 
and HEC-RAS, have been the models of choice for conducting 
these dam break studies. Although 2D models are widely 
available and the barriers to their application have been 
mostly eliminated due to improved computer performance and 
availability of detailed topographic data, their use in dam 
break studies is still not as widespread as 1D models. This 
study is a comparison of HEC-RAS (1D) and TELEMAC-2D 
(2D), for the simulation of dam-break flows along two different 
river systems. The first river system is located within a well 
defined river valley in an urban environment and the second is 
located within a flat-bottomed valley in a rural environment. 
The results of the 1D and 2D models are compared along with 
an examination of practical considerations of interest to 
practitioners. 
 
I. INTRODUCTION 
Hydrotechnical studies involving dam breach and 
floodwave routing are an important part of periodic dam 
safety reviews performed in North America [1][2]. Within a 
dam safety framework, hydrotechnical studies are used to 
determine the hazard classification of the dam through 
analysis of life-safety, socio-economic, environmental and 
cultural losses. The hazard classification is used to identify 
the Inflow Design Flood (IDF) and the Design Earthquake as 
well as to establish monitoring and inspection requirements 
for the dam. The results of hydrotechnical studies are also 
used to prepare emergency response plans and distributed to 
emergency response stakeholders. Both of these activities 
require accurate predictions of the floodwave travel times, 
the extent of the inundation as well as the depths and 
velocities of the flows.  
Simulation of dam break flows is a complex problem and 
there are a number of challenges that engineers and their 
models must address. Firstly, dam break models require 
specialized numerical techniques to handle the highly 
unsteady, rapidly varied flows including discontinuities such 
as bores and hydraulic jumps [3]. Improper selection of the 
numerical techniques can lead to solutions that are too 
diffusive or unstable due to numerical oscillations. Another 
challenge in simulating dam break flows is that the 
magnitude of the breach hydrographs are typically an order 
of magnitude greater than typical flood events and often 
result in complex flows (e.g. flow splitting, flow through 
urban environments) and flows that are temporarily 
unconfined and 2D. Finally, there is often limited data 
available to conduct a proper calibration of the model for the 
magnitude of the flows being simulated.  
Current 2D hydraulic models offer many advantages over 
1D models for modeling dam break flows. Many 2D models 
offer advanced numerical techniques specifically developed 
for handling rapidly varied flows. 2D models also more 
accurately reproduce the flood wave dynamics that occur 
during high flows over complex terrains [4] and they reduce 
the need for model empirically-based parameterization to 
account of 2D flows.    
Within North America, 1D models such as DAMBRK 
and HEC-RAS are still commonly used for the simulation of 
dam breach floodwave propagation. 2D models are only 
requested in special cases where it is obvious that a 1D 
model is not appropriate. Despite the advantages of 2D 
models as well as advances in computing power and the 
wide availability of high-resolution elevation data collected 
from LiDAR and photogrammetry there still is a bias 
towards the use of 1D models.  
This paper compares the results of two of previous dam 
break studies modelled in 1D using HEC-RAS with the 
result from using the TELEMAC-2D 2D model. For both 
these river systems, the assumption of 1D flow during the 
dam breach is reasonable and therefore the purpose is to 
quantify the differences between the model results and 
examine the advantages and disadvantages of each approach 
from a practical perspective. 
II. STUDY AREAS 
Two study areas were used in this investigation. For both 
study areas, the dams were modelled in 1D using HEC-RAS 
by the authors as part of hazard classification and inundation 
mapping projects. The dams are located in two different 
locations in Canada.  
A. Study Area 1 - Confined Parkland/Urban River 
The dam for Study Area 1 (SA1) is an earthen 
embankment dam used for flood control with a height of 
16.5 m and reservoir storage of 5,000,000 m3. The sunny-
day failure scenario of the dam was assumed to be due to 
piping/seepage with a time-to-failure of 1 hour. 
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predicted maximum depth with TELEMAC-2D predicting 
much deeper inundation depths particularly at stations 
2.58 km and 3.86 km, after which the elevation difference 
decreases. This difference in the depths may be partially 
attributed to differences in the approaches used in the 
modelling of the bridges as can be seen in Fig. 8. Further 
refinement of the 2D mesh at the road crossings and/or the 
use of the bridge/culvert elements available in 
TELEMAC-2D should be performed to see if the difference 
in the water surface elevations is minimized.  
TABLE I.  FLOODWAVE STATISTICS FOR STUDY AREA 1. 
Station Parameter HEC-RAS 
TELEMAC
2D 
Diff 
2.58 
km 
Flood Arrival Time 
[hh:mm] 0:20 0:24 -0:04 
Time-to-peak  [hh:mm] 0:50 0:52 -0:02 
Maximum depth [m] 12.96 14.94 -1.98 
3.86 
km 
Flood Arrival Time 
[hh:mm] 
0:25 0:32 -0:07 
Time-to-peak  [hh:mm] 0:55 1:00 -0:05 
Maximum depth [m] 9.42 11.07 -1.65 
7.15 
km 
Flood Arrival Time 
[hh:mm] 
0:45 1:03 -0:18 
Time-to-peak  [hh:mm] 1:20 1:25 -0:05 
Maximum depth [m] 10.47 9.96 0.51 
9.06 
km 
Flood Arrival Time 
[hh:mm] 0:55 1:17 -0:22 
Time-to-peak  [hh:mm] 1:35 1:48 -0:13 
Maximum depth [m] 6.58 6.91 -0.33 
 
For SA2, the differences in the floodwave travel times 
predicted by the two models are much greater than in SA1. 
The flood arrival times predicted by HEC-RAS are much 
shorter than predicted by TELEMAC-2D; however 
TELEMAC-2D generally predicts a shorter time-to-peak. It 
was hypothesized that the dry-bed initial conditions used in 
the 2D model would have resulted in a faster arrival time 
compared to the wet bed conditions used in the 1D model, 
consistent with the analytical solution for dam break flows 
over rigid beds by [11]. The coarse mesh used along the 
channel could be partly responsible for the slower travel 
times. The faster time-to-peak predicted by TELEMAC-2D 
indicates that the wave front of the floodwave is travelling 
slower than the wave predicted by HEC-RAS but the 
hydrograph is steeper. This could be the result of excessive 
numerical diffusion within HEC-RAS and further study is 
warranted. Interestingly, the two models both predict very 
similar maximum water depths with TELEMAC-2D 
generally predicting slightly greater depths as was found in 
SA1. 
TABLE II.  FLOODWAVE STATISTICS FOR STUDY AREA 2. 
Station Parameter HEC-RAS TELEMAC Diff 
2.1 km 
Flood Arrival Time 
[hh:mm] 0:10 0:20 -0:10 
Time-to-peak  [hh:mm] 1:15 1:35 -0:20 
Maximum depth [m] 5.63 6.01 -0.38 
13 km 
Flood Arrival Time 
[hh:mm] 1:40 2:55 -1:15 
Time-to-peak  [hh:mm] 4:30 3:50 +0:40 
Maximum depth [m] 4.31 4.71 -0.40 
22.4 
km 
Flood Arrival Time 
[hh:mm] 3:05 5:45 -2:40 
Time-to-peak  [hh:mm] 9:09 7:25 +1:44 
Maximum depth [m] 4.55 4.34 +0.21 
29.2 
km 
Flood Arrival Time 
[hh:mm] 5:00 8:30 -3:30 
Time-to-peak  [hh:mm] 15:00 10:10 +4:50 
Maximum depth [m] 2.94 3.34 -0.40 
36.8 
km 
Flood Arrival Time 
[hh:mm] 6:05 10:55 -4:50 
Time-to-peak  [hh:mm] 17:55 14:05 +3:50 
Maximum depth [m] 3.56 3.81 -0.25 
 
 
Figure 8.  Comparison of the maximum water surfaces for Study Area 1.  
 
Figure 9.  Comparison of the maximum water surfaces for Study Area 2. 
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